In re: Moyeretal. 
Application No.: 09/912,072 
Filed: July 24, 2001 
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Evidence listing: 

1) Document entitled "APPENDIX A. Taxonomy relationships between poinsettia and the 
plant species m the cited references." This document was submitted concurrently with the 
response dated May 12, 2006. 

2) Document entitled "Moyer Supplemental Declaration". This document was submitted 
concurrently with the response dated May 12, 2006 as a 1.132 declaration by Dr James 
Moyer. 

3) Document entitled "Moyer Declaration." This document was submitted concurrently with 
the response dated May 23, 2005 as a 1.132 declaration by Dr. James Moyer. 

4) Document entitled "Appendix I." This document was submitted concurrently with the 

1 132 , declaration by Dr. James Moyer (entitled "Moyer Declaration") and the response dated 

JVl3.y 2,3, 2005 

5) Raven et al., Biology of Plants Worth Pub., N.Y., N.Y. (1992), page 747. A copy of page 
747 was submitted concurrently with the response dated May 12, 2006. 

6) Pejic et al., Theor. Appl. Genet. 97:1248-1255 (1998). A copy of Pejic et al. was 
submitted concurrently with the response dated May 12, 2006 

7) Russell et al., Theor. Appl. Genet. 95:714-722 (1997). A copy of Russell et al. was 
submitted concurrently with the response dated May 12, 2006. 
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APPENDIX A. Taxonomic relationships between nnm^tti * +u i . . 

references. ^ween pomsettia and the plant species in the cited 



Kingdom: Planta 

Subkingdom: Tracheobionta - vascular plants 
Supervision: Spermatophyta - seed plants 

Division: Magnoliophyta ~ flowering plants 

Class: Magnoliopsida ~ dicotyledons 

Subclass: Dilleniidae 
Order: Salicales 

Family: Salicaceae 

Genus: Salix- Willow 

Subclass: Rosidae 

Order: Geraniales 

Family: Geraniaceae 

Genus: Pelargonium - Geranium 

Order: Euphorbiales 

Family: Euphobiaceae 

Genus: Euphorbia -Poinsettia 

Class: Liliopsida - monocotyledons 

Subclass: Arecidae 
Order: Arales 

Family: Araceae 
Genus: Caladium 

Subclass: Commelinidae 
Order: Cype rales 
Family: Poaceae 

Genus: Oryza- Rice 
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Filed: July 24, 2001 Group Art Unit: 1634 

For: IDENTIFICATION OF POINSETTIA CULTIVARS 

Supplemental Declaration nf Dr .lam^u, aj 

" James W - under 37 Q.F.R. § 1.132 

I, James W. Moyer, dp hereby declare and state as follows: 
23, 2005. My Credentia ' S WSre ted a previous declaration submitted May 

ih^B^4^?^^ r0tt U " S - Pate nt Application No. 09/912,072 

technology ^^^^^^ out, AFLP 

species closely related to poinsettia Th^nnS dlVe ; s ' t y 'n pomsettia or in any 
particular plant species ta w^red ^«rSn?,?S? °r ^^nology to any" 
relevance of the Loh et al BarcoSa at J '2 ' i9ht ° f this - to assess the 

publications to poinsettia it is further rtl^t ™^ et aL and Barker et al. 
Poinsettia is to rice, wtct ^ related 
poinsettia as compared with thes? plants is sh7w1n^p P ?ndS^ n ° m,C reiationshi P of 

which ali flowe^a^ the division to 

further classified as monocots (Class zJoS] whi f? h " C e and caladium < ars 

geranium, are dicots (Class MagnoliopTda) k three > P^tsettia, willow and 

Poacese, ^mmeUnidae, Famiiy 

Plants including rushes 2rfd sedge^ T^T^s^^ a T 0mX S W ° f 
Thererore, it is nearly impossible to ophpS; •? 5 PP ' 9 nser ' and arrowroot, 
the Commellnidae s^crTa * g tl fe q mSp J ^ ^ rSgard to one member 
bromeliad (e.g., a pineapple) ( 9 "' 26 ° rnCe) to another member such as a 

palms, duckweed" ^ Includes the 

(aroid), and Genus Ca^ut The ^UoZo^Z? 383 ^ ^ ^ ^ Aracea e 
that are poisonous and includes DhlSendSn P ^? h 98 ^*' 6 pIants as we!l as thcse 
Thus there is an enomMu!^^^^ f u ^f C f br ; adfruit and 
difficult to generalize regarding one member suc+ , « S H Ubc J ass McAfee and it would be 
such as palm or phifodendron 93 duckweed with another member 

dassi Jd inSSf^ .'s ^rther 

grouping including, for example the mus ard fem?wf u 6 again a very diverse 
(e,o., rho dod e ndran and blu9 P bsrry) .^^^^£^^1^,. 
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i^^tt ^i^^^ *? — Once again, 

such as wi„ow or broccoii, ?o another ^ubdaas, 

=mi^ 

/tosftfee subclass also includes the qerS Lm lmLt 9 T°? family - ,n addftion - tne 
the very iarge and.diverse iTho^SlTs^e^t^ Pe/a + T™ belongs and 
7,500 species) to which poinsettia beZ^lp^S f J e ^! 0 ! a ^ tB ^ 300 9 enera and 
(2000); C.L. Porter, TaxLmyomZerina Ffen fa w H '? J " P ' ant s Scl '- 161:42 5"434 
P.338, (1967)). Pe/argo^m fs furthe^^ed nio^he G^™^" 472 PP "' 
Pelargonium peftatum. Poinsettia is in the gTu^^ZS^ ' 
descnbed as one of the farnp^f snH mne* ^ T cupnor£jIa ' which has been 
1S0 ° sP^iesitlfi^^ about 
member in the Subd^R^™£*£^ In f ™ ra,be findin 9 s about one 
This would be difficult even Sin the singi ^ Genus S 9, "v em . be I ^ &S d ° 3WOOd 
member, due to its great size and diversity E ^orb,a, or which poinsettia is a 

and within p.an"s" ^ relationships between 

relationship between poinseTa and ^pla^SfeSlnT^™ af * e J? ,atart 
would not find our achievement in poinsettia oMou^ 3nd 
wi low, a cerea! plant such as rice, an aroid plant suc^s ^,1 3 ' n 3 SUCh 33 
It is simply not the case that AFLP ,n»K/« « i V, T 1 caladium, or even geranium, 
related plants such a ? those fn th^ Sfrf J h? a ?7 other P |a nt, particularly distantly 
AFLP analysis in pohseSa A cLnf S ?in th is Sh I W ? H U,d SU99eSt aPP^tion of 
technique but wou'ld enS in* ™ ea iT^^e^ t0 * 8UCh -i 
would be particuiarly true in the case of polrSa since it^tnn, , °t Success " 1 his 
narrow genetic base (See, prior Mover S^*^£™™* ^ Ve ^ 

are trueand i^M^^'^^ made he ^ * my own knowledge 
and further that ^JS^^^^Sf^T^ ^1 be,,eV8d t0 be ^ 

rnay ieopardize ^^^^^r 
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APPENDIX A. .Taxcnomic relationships between Doinsem** +u i . - . 
references. ^ . x - P oinsett *a and the plant species in the cited 



Kingdom: Plantd 

Subkingdom: Tracheobionta - vascular plants 
Supervision: Spermatopkyta - seed plants 

Division: Magnoliophyta - flowering plants 

Class: Magnoliopsida - dicotyledons 

Subclass: Dilleniidae 
Order: Salicales ' 
Family: Salicaceae 

Genus: SaZix -Willow 

Subclass: Rosidae 



Order: Geraniales 

Family: Geraniaceae 

Genus: Pelargonium - Geranium 

Order: Euphorbiales 

Family; Euphobiaceae 

Genus: Euphorbia -Poinsettia 

Class: Liliopsida - monocotyledons 

Subclass; Arecidae 
Order: Arales 

Family; Araceae 
Genus; Caladium 



Subclass: Commelinidae 
Order: Cyperales 
Family: Poaoeae 

Genus; Oryza-RIce 
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™„ !■' .',_ have read the follow 'ng publications cited by the Examiner in 
connection with the '072 application: Y ^ aminer 

• Ling et a!., HortScienca 32:122-124 (1997) 

9 25^1 999)* J ' HortiCU/tUral Science & Biotechnology 74:243- 

m ^^,T ov - 25:15 " 20 (1998) {referredto as 

• Barker etal., Genome 42:173-182 (1999) 

„, „r 4 ' Lin ? et 31 con< :erns the use of RAPD techniques to corrroare the DNA 

culSaS ^ar? e ? a f R»*» L ' n ? f 31 It mt have t0 be robus * to distinguish these 
curavars. Singh et al., Barker et al„ and Barcaccia et al. applied AFLPs to oomoarR 

of cultivars from *»■ and Pe/a^'Tgefan^n) ' 

been obvious from ^"e^S^J^"-" 07 ? a PP licatlon - ft not have 
estimate genefc'elaSps !?? ^« 3nd 

sfnU in e* e In P d a B n, \ Pri Tf ^ pLtS ^ » ^n^S^SiTfte 

^mgn et al. and Barker et al. pub cations. Some recent wnri< with act q u 1 , J 

reported in omenta, plants including Pe^Z™^^ 
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sSn,^ «-W. would be able ,c detect 

work ™,h geran^ wo'S^ B ««* * 

because the gene pods of these plants a^S P P °' nS6tBa ' 

base. Most £^0^7^?^° ? nm " 9e " £fc 

mutations. As a result there is verv imf n^T«r • 7 Y sslection of s P°rts or induced 
poinsettia. Prior to the inventi^ 

whether there would be sufficient wSS^^JJ? a PPj«aton f it was uncertain 
poinsettia cultivars. . ^ymorpnisms detectable by AFLP among 

7. Further, it was not at all obvious in advance that +h= ™. 
and genetic fingerprints would be powerful enouah to ?r^?thl^ p ° ^°J? n,sms 
pedigree of a broad range of poinsettia h, J 0ry 0r 

families would have distinct and closeiy m^^^^n^S^^ 13 
discoveries that came out of the work Oac^toSTm 0r ? °l the &XC!tnQ 
finding that differences in the afi i o L„JZ f n the 072 a PP'<cation was the 

Whilelhere is specu^ion M^to^^^SS^ °' brBed T° ,inea9e " 
publications (Lino et ai Sinnh JI, S ? u , re ' atl0r >ships, none of the cited 
rela«onshlp * ~, rate «. 

also eJoen. ^".Sffl^^ *> P°™^ is 

relationships amona coinsetfia aiitfvar* • d to evalua ^ genetic 

(SSR) analysis M^Sa^ repeat 

motifs (e.g.; CA GTG TGCTefc) arann«H ° corn P ossd <* repeats of short 
the repeat region is Suat conse'rli^ The se <^<* surrounding 

Polymorphisms are observed in the number °of replats p ^ e m. 

frcm a l^SSlX s ^-nce were obtained 

a confer aTorith™s^ «"* °NA. Using 

significant size to be polymorphic • bLTd on^r^ ° r T*t P resencs SSR motifs of 

1 Wt.nw^n^^n^r^ 8 ' 6 ttm **«*" 1 . 1 tefranucteotide, 
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other cultivars. These groups included Angelika, Annette Hegg Celebrate Cortez 

a ddl° m ; G T SS ' U!0 ', Nuteracker - Pe P^, Peterstar, Sonora"and V1 G^ The 4 
add tonal cult.vars selected were 'Winter Rose 1 , 'Pearl', 'Prestige' and 'Snowcao' 
Dupl.cate samples of 2 cultivars taken from different plants • we?e usee f a! cS 

j-i 1 \"u Tweive of the P rimer P a 'ra amplified a fragment of the predicted size 
whereas the rest could not be optimized and either did not ampiwy o^SSted inloo 

a^oVo? I^Tt? * ^ P3irS ampiif,sd from wSh 

an average or 2 alleles. Three pnmer pairs amplified one allele Six of the loci w-r« 

2 t0 4 a ' ie,SS - DUPliC3te CU ' tiVarS COnSiStentl y °4d^e C samt 

12. Statistical analysis of the data revealed a narrow ranqe of distances 

^S^T^^T^ CUltiva ^ rou P s on a dendrogram" (Appendix 1 
attached). Shared allele distances ranged from 0-0.25. The largest distance 0 25 
was between the: Hegg group and V14 Glory Red; V14 Gtory SnhVi? GkS Whte 

g a ro d up 6 a P nd d the Son^ ^ 9r ° Up; WinteT Rose and ?,e Lib " 

group, and the Sonora group and the Lilo group. Many cultivar comDarisons had a 
distance of 0 and could not be differentiated, as^een in the^cted^nd^X 

cZlt^ZT C ° Uld differ * n !l ated fro ™ each other and formed ? unique 
clusters on the dendrogram; Hegg, Cortez, Sonora, and Lilo cultivar groups formed 

wZSSSS* a d Lt ancs ,? f °- ° ther ^' tf var groups were divWed o^ c usTe^d 
wtt , unrelated groups, , he p.nk and white cultivars of the Celebrate 2 and V1 4 

nf?h^i r0UPS eac ^ orm f d unic l ue casters separate from the Red "parent" cultivars 
of these groups. The white cultivars Angelika White, Snowcap Nutcracker White 

SS^weSS tQ9e ™ a H diSta = nCe ° f °- Rna,l V aTa P rgfcEs"e™0 ' 
distance was made up or the Freedom, Peterstar, and Gross groups as well as the 
Angelika and Nutcracker groups minus the white cultivars. 

. 1 ?- ^ s ? e resute described above demonstrate, the power of 
Se^S nS^ n^ differ ?l tiate CU,tivars was not ^ident in poinsettia, likely 
noH^ hflw 9enet, ° base ° fti 2 ls cr °P resultin 9 from the methodologies used in 
£?25? 5: eed ,' n gP ra Srams, wh.ch rely heavily on mutation breeding and selection 
of sports. This finding is unexpected; based on the known properties of 

b^^^S^VT^ thiS appr ° aCh to hav * worked as well, or even 

SSR m^lL + lS k } ' Ma9 T f a, V 7:4(3 104 :388-398 (2002). It is known that 
fo cod^m^.fo^ SSfT 3 f !' 9h ^ ? Vel l hete rozygosity than AFLP markers due 
to ccdominance of SSR loci. In addition, SSR markers generally have qreater 

X mnf ^ AFL f markenS " FinaJ, y- SSR techniques are typii fy found to 

be more technically reproducible than AFLP. However from our data it an Dears that 
the narrow genetic base of poinsettia lacks polymorph^ ^elsR locf 

, . 14 ; RAPD, AFLP and SSR markers are each distinct RAPD markers 
detect polymorphisms based on hybridization of short primers to random locations in 

o^T'^T 5 ^ 2? a ' tere dSt€C * P 0, y^^ P hic restriction SinS 
genome or at least. polymorphisms in close proximity to restriction sites. 
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Microsa.ellites detect polymorphisms in the number of short tandem motif renea^ 

? ! IT P I SS t nt ? l hS 9an ° me - K* 90 ' AFLP ^ SSR wou 3 tteSlS? each deLt 
a dirrerent subset of polymorphisms. The microsatellite date , discusled aSS 

~ d ,s^s^ 

= fu, ,n distinguishing and determining gene& >£ insem 

are t-u^and f f are *L statemsnt * ™de herein of my own knowledge 

are tue and that all statements made on information and belief are ba>iev=d m K 

L~ statements and the like so made are punishable by fins or imprisonment or 
both, under Section 1001 of Title 18 of the United States Code anSt suS, w ilfS 
false statements may Jeopardize the validity of the 

/braes W. Meyer, Ph.D. / Da*6 T — 
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Cortex White -i 
Cortes Red — ' 
Winter Rose 
Prestige 

-i j T" Sonora Jingle Bells *^ 

Jy Sonora While 
L_ p Sonora Marble 
- Sonora Red 
Celebrate 2 White -| 
Celebrate 2 Pink 
Pearf 

Nutcracker White 
Snowcap 
Angelika White 
Pepride Pink H 
Paprida Red J ^ 
Freedom Bright Red 
Freedom Rose 
Freedom Jingle Bails 
Freedom White 
Freedom Pink 

Freedom Marble 
Freedom Red 
Angelika Marbie-1 
Angelika Marbie-2 

Angelika Red 
Angelika Pink 
Peteratar Orange 
Feterstar Marbie 
Feterstar White -j q 

Feterstar Jingle Bells 
Feterstar Pink 
Feterstar Red 
' Nutcracker Pink 
Nutcracker Red J 
Gross Heirloom "1 - 
Gross Dariyne J 
V14 GJory Red 
Celebrate 2 Red 
Variegated Liio 
Ulo White 



-< 



"^L^ Ufa Marble 



7 
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Ulo Red 

V14 Glory White 
V14 Glory Pink 
Annette Hegg Hot Pink 
Annette Hegg Dark Red-2 
Annette Hegg Dark Red-1 



f^tVf'^ 05 ; ^ Ha ™ g °^ ° ne set of chromosomes 
l«J, in contrast to diploid (2n). ="uies 

hardwood: A name commonly applied to the wood of a dicot tree. 
Haxdy-WeiiAexg law: The mathematical expression of the rekti™ 
shxp between the relative frequencies of two or more aietes fat^n 
Nation; it demonstrates that ft e frequencies of Sdes^d ™ 
™U remain constant in a random-mating popSon fa fte^eT 
of mbreedfag, selection, or other evolutionary forces! ^ 
hausiorium, pi. haustoria [L. teash/s, from haurire, to drfav drawl- 

heartwood: Nonliving and commonly daric-colored wood in whir}, ' 
no water transport occurs; it is surrounded by sapwood 
heHotropism [Gk. helias, sun]: See solar tracking, 
hemicellulose (hem'i-sel'u.los): A polysaccharide resembling cellu- 
los^but more soluble and less ordered; found particulartyfatu 

J3 po^ A n ° nWOOdy SeSd PW 3 
herbaceous: An adjective referring to nonwoody plants, 
herbarium: A collection of dried and pressed plant specimens, 
herbivorous: Feeding upon plants. 

heredity [L. heredis, heir]: The transmission of characteristics frn™ 
parent to offspring through the gametes. «**™sh« from 

3 ^ P SS Gk - J? H r eS ^ Aphr0dii ^ ^ «S**m pos- 
sessing both male and female reproductive organs. 

Jto- [Gk. Aeteros, different]: Prefix meaning "other" or "differ- 

XtTotT ^r^'^ f Gl! - + oflto* house]- 

Produlr ■ ^ kSimS ' 0theI ' + W ™*» ""eproduction]- Re- 
production involving two types of gametes. J 

heterokaryotic [Gk. hei eras, other, + toyon, kernel]: fa fungi havfa B 
two^or more genetically distinct types of nuclei within the fanV e ™ S 

JolXSS ^ h£imS ' diffSrent ' + m ^ fte ' f °^ : A term used 

i^sasf w. 17 m which & : ^ 311(1 ^ 

alteratzon^Hybrid vigor, the superiority of 
the hybrid over either parent fa any measurable character ^ 

spores artd me gasp ores. 

[Gk: Aeier ° S ' affTO * + A term used 

to descnbe a species, the haploid individuals of which are SSe 
orsej-mcompatibie; two compatible strains or fadividuaTaxl 
quired for sexual reproduction to take place. ^ 

heterotroph [Gk. heteros, other, + traphos, feeder]: An organism 

^Tomir e r° ***** ^ at ^ — - 

Hfll reaction: The oxygen evolution and prereduction of an artifi. 



ctict^dr ptor by a cHoropias - preparaeo11 * **** 

. hflum [L. ftfl™, a trifle]: (1) Scar left an seed after separate nt 
Jom funiculi (2) ^ paH of a ^ e l 

JS laid down m more or less concentric layers. 

histone: The group of five basic proteins associated with th* ^ 
somes of aUeukaryotic cells. &e ^ 

hoidfast: (1) Basal part of a multlcdfabr alga that attaches it , 
sohc^ object; may be unicellular or composed of a mass of fe, 
-phke structures at the tips of some tendrils, by mean Jf^ 

they become attached. Wr 

or W»° m °- rGi - h ° m ° 3 ' SMe ' Simaar ] : ^-eaning "^ 

homeostasis (hD-me-e-sta'sis) [Gk. homes, similar, + sfcsis, staildil 
The mamtauung pf a relatively stable internal physiological envS 
ment withm an organism, or a steady-state eqmh^umfa a pcTu 
bonder ecosystem. Homeostasis usuaHy involves feedback mlci 

homokaryotic [Gk. homos, same, + karyon, kernel]: fa hm" havi 
nude: with the same genetic makeup within a myceliunT 0 "' 
homolosous chromosomes: Chromosomes that associate fa pairs 
&e first stage of meiosis; each member of the pair is derived from 
JJerent parent. Homologous chromosomes are also called holt, 

[Gk hamala S ia - *8«™t]: A conation indicative of tl 
same phylogenetrc, or evolutionary, origin, but not necessarily I 
same in present structure and or function. 

homosporous: Having only one kind of spore. 
homothalHc [Gk. homos, same, + thallus, sprout]: A term used to d 6 
scribe a species fa which the individuals are self-fertile. ' 

homozygous: Having identical alleles at the same locus on homolc 
gous chromosomes. aomolc 

hormosordum p l. hormogonia: A portion of a filament of a cyanc 
bactenum that becomes detached and grows into a new filament 
hormone [Gk. hormaein, to excite]: A chemical substance producec 
usually m rxunute amounts fa one part of an organism, from which il 

dfic^ct '° an0thel Part ° f 0r5allisln 011 wHch if has a =P=- 
host: An organism on or fa which a parasite lives, 
humus: Decomposing organic matter fa the soil, 
hyaloplasm: See cytoplasmic ground substance, 
hybrid: Offspring of two parents that differ fa one or more heritable 
cnaractensucs; offspring of two different varieties or of two different 
species, 

hybridisation: The formation of offspring between unlike parents, 
hybrid Yigon See heterosis. 

hydrocarbon [Gk, hydro, water, + L azrbv, charcoal]: An organic 
compound that consists only of hydrogen and carbon atoms, 
hydrogen bond; A weak bond between a hydrogen atom attached to 
one oxygen or nitrogen atom and another oxygen or nitrogen atom, 
hydrolysis [Gk. hydro, water, + lysis, loosening]: SpHtting of one 
molecule mto two by addition of the H* and OH""Ions of water, 
hydrophyte [Gk. hydro, water, + phyton, a plant]: A plant that de- 
pends on an abundant supply of moisture or that grows wholly or 
partly submerged in water. 

hydroxy! group: An- OH~* group; a negatively charged ion formed by 
the dissassodaiion of a water molecule. 



,0 . | q uie aissassoaaiiDn of a water molecule. 
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Comparative analysis of genetir simile*,, « 

t^SSns,**^ rity am ^^Ize Inferedlloes defected by RRPs ? 
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^5S^t"S^- fin ?'T i,ltin8 have 
diversity in ™ " ^ estmia fron of genetic 

oped PC^based \ w the de ^l- 

and AFLPs are SS" tedm ^e S , R APDs, SSRs 
role in tS £j^ m % 1 ? anuda & 

inbred lines we rlnort nS? Smg a Set ° f 33 
evaluate tSl a ?" & com P ans °* of techniques to 
study of inLv ^ > eD ^ S and ^^ability for the 
the 4o U |t "f rSlty ;- The four as5avs ^ed in 

and the average nS £ T ? XpeCted iete rozygosity 
while the lowSt S nf° f 3 Iel6S ' W . aS for SS *i 

with aflp7S ow 7v! If? r°^l m was obtained 

marker svstenThZ ' T^ Ps were 1138 most effitient 
era] bSSi S* ° f ^ Capadty to reveaI ^~ 
effidency index w£ ^ Pl 1f ti0n - ^ ^ tte assa ? 
AFLPs compSeo^n f h * te ^ foId f °r 

RAPDs ^7 P to . the otter methods. Except for 

marker in » £ • tecnnoI °gies can replace RFLP 
marker m genetic Similarity studies because of their 



ffi^^S^* 600 ^ Hnes se- 

ttle S et of hfi -2k tt? p Mal y sis revea ^ that ^ 

was wfl^t W f,^SS,? 0 t™^ rtfvton used 
Parity and for a «? tanat,on of S^tic shn- 

technologies meamn ^ comparison of marker 

Genetic diversify DN A-fingerpnnt mg • 



Introduction 



Communicatory K SalaminT I : ' 

M. Morgante 

SSS^^^^^getale e Tecnologie Agrarie, 
_ uawc, Vxa delle Saenze 208, 33100 Udine, It4ly 

24, 24126 B^Say k a*"*"*"™, Via Stezzio 
O. Taxarnino 

A^riculturaJ Biotechnology 



Strife SS?^ ***** and of relationships 

on tnf tprov:menr o ? eriaIS *f 3 a SigDfficant *"pa5 
198S). In mSI • / CT ° P - pJants (H^Ianer et al. 

Hnes to heterofe J2f development, in assigning 
tion. It c2 £ obf,? P H' f and m pIant variet y P ro ^- 
data, from mo^! * pedigree and he ^o S i s 
markefs w^cTgS^ 1 .-^ 13 ° r Using molecu ^ 
level (Smit? V* S^TlTw ? ?- N f Se ^ ence 
based polymornhi^i )- In P artlcu lar 5 DNA- 

ment of a£££S?,wF a - P ° werfol too1 " ae asse ^- 
(reviewed^n Lee ^l™ 1131117 betweei1 breedin g stocks 

studied mmaizT as^L^ } iaS been exte ^iveiy 
tionships S^Ld US - estaMsI ^g rela- 

Howe4, Sere m JS? (^eldiinger 1993). 

nave stiniulated S h ^ drawbacks *° R^Ps that 

for RFLP analvsis wli^ ° « A are , m fact re quired 
difficult toaS^flT 117, - + nd ^.^rnaiqxieis 

been sS2? IS? h . techni q^ have recently 
Plant ^StKS^i 



DNAr^SD?,?^' • d ° m ^PMed polymorphic 

efficient noSa^oaldv ? nl?l ^ adapted for the 
^P=s (dos Santos et J SS -S 1 ^ 1111112 of 
Problems xrithiC 94; Tho ™ann et al 1994) 

sequence repeats SsS/ sir^f 2 ^ 63 01 
been extensively used PoWiphisma have 

genomes, sh S frec i u en!Jy also in plant 
individuals and^L ss iof,?ATv V ^ ti ° n in 

velopments are 1 ' ^V- 1 Specif c technical de- 
sho4 re uHn S ay - (MltChe]I et 199 ?) that 
faster, more S^SJSST^ SSRs tiat ^ be 
RFLPtechnolo^ d ^ effeCtive than 

is ^Sc^ CA*I*™) 
et al. (1995) AFT £ technique developed by Vos 

detected aL^S iv ^S S 3 m v **<**° 
vide a number nf^ ^amplification which pro- 

of maife (Vos et ^95? K?S?S &at 

been used to Iden^iSSe^tSf J^l 06 has 

ance loci (Becker et a? 1 5? £ t0 dlSease resist - 

fingerprintDNAs^otet afiwr^ et ^ ^ to 
and to assess relation!- 1 995 = Sha ™a et al. 1996), 

morprusm and hvhS betWeen Secular poly- 

Marfan 2 a? iS) perfoiman ^ maize (AjrnoJ. 

A^^ftjSf Uniques is 
markers for soybeSa^^ 7 d ^ erent m °iecular 
been "port*?^* ^ Q ^^ ^ ^eady 
The objectives nf I956 ' RusseU et al. 1997) 

the tatoSS^gS™ 1 St , Udy r re: W to compare" 
their appHcSX f • Dt molsc ^ markers and 

type fflS^ d ^J Bwn,i ? r 

(2) to detenmne ^ll net - y --? rotectIOa Ptoses, 
RFLP- and PGR basS "™ ^ 0btained ^ 
inbred lines and ffi , tecima - u \ s 111 a set of maize 
estimating geScsfnS ^ effe ^eness in 

0 S ° etIC samlanty among maize inbreds 
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StBwt^B^^ 6 heterotic Saviour in crosses n 

Synthetic (BSSS) heterotif "T? ^ W StiffStS 
lo8gl,Lo924 Ln^f r ^LS 10 ^- 13 ( A6 ™. CX03 C123 Woo 

three to W153R (W153R t °Qr7 } J ^° to WS C^ 9 *sd Pa911 
and H96). GenotnicS ™ f^ 1 Lo944 ^ and to HY (H55 

-thod as *4,EM2K^ t a ^^ * e o-JS 

-lecular-mar.er assays 

Stlouth^TSS hS- Sti0B ' geI «to*opho*« for 
lowed Livini et £^992) F^^' and Radiography fol- 
UMC and BNL coJT-l-ri ^ seven gnomic clones from ftl 

toes. A total of 253 RFLP htnnf f 3^ locl m the 33 inbred 
presence or absent ^™ ^ ere ° mai y =°<l e d as 1 or 0 for the 

Marsan et al. P f 99 3) P D erf °™^ « described bj AjW 

»«cdoa products 1" "^2^^ SS °° Th ™ ™ r . 
agarose gel and stainerf «li, ^ d by electrophoresis on a .IV 
pperon S Techn SS ^SSSgS?* A t0ta! 
bred lines. Twenty SvL ™Z ^ U ^ A) were ™rveyed in two k- 
-orable, P6ir^'^^ ^8 f ^od a ^ and clearly 
fingerprint the 33 inbreds J fragments, were used to 

The primers for the <?<:i> ~ t 
the sequences published bv T£ s ^ thesi ^ according to 

and Tingay (fi$r%** f enl0 j and Heun (X993) and Taranrfno 

. T ^oid ( S^S? 6 )^™^ wor8 41105,5 ^h*Hy 

?ng dye and intemalTke stSd^T ri ^ e ^ along with load! 
rf« gel (Pfeiffer et aL y^t' ° U } 0n a 6% acrylam- 

sequencingelectrophore2 un ^P^ Auto «ated Laser Fluorescent 
led with fluoresced X ■ (?harmac!a )- Fragments were bbd- 

abeDed nucleotide wasTmovel hv St, .^-^orporated 
loadmg samples on the ^ n a l I 31301 P^P^on prior to 
Manager Software vlffp^ ^T«3£J CB, " d Using F ^fiment 
and then binary codei by SSR bands Wer5 ^d first ■ 

hne. J ylor0forthel rpresenceorab Se nceinea C h 

towSoSro*^^* 0 "^ l 5 V ° S et ^ ( 1595 )" briefly, 
cutter) and 5 Tj JuS^™,**?*?^ 5 U of £coH &« 
stranded adapters £Jf S tS S 3 ^T 1 ^. double- 
ts adapter sequenc^ pre ^bLIT^ 116 StrUcture «f 
acryJamide- ge lli ecrro oh^Z^ P ^ 0a> amplification and poly- 



Materials and methods ■ 

Plant materials and DNA extraction 

^ge^lS re ^ S se ^4 b ° scn L° eSpl0re 46 of 
production of hybrid seed been Pensively used ia the 

formation w « SSS^Sw? b T r ? 8d »SP r ^arns. PedTgSe 
P eviousiy descnbed m Lmni et al. (1992). Based™ 



Data analysis 

"S^l^SSfrmM" fl 100 ^' ae ^ frequency, the 
ocus were c^S^^" d d t ^ fl * cti " of aUeSs per 

total number of effective Xel ^ Mor ^ et ^ 099^. The 
SSS, and AFLPanJuT ^ surveyed by RFLP RAPD 

the efficiency among the four ^ A ^ Ne = ^ ne & T ° compare 
generally detect multipl ^aieles n ' ^ RFLP * 10(1 SSRs 
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number mmber ° f SffeC£ivE 3116163 dat <^ anfp* tte toS 
number of assays performed for their detection ^ 

AFLP l,T, etlC s^^ 3 * ( GSs ) from RKLP,' RAPD, SSR, and 

Se^S^fflite^ M,,I r . rt l 1 ? 992 )" Cluster analyse 
sronn Hi • ^ mat nces obtamed with the unweighted nair 

SKS^MSSLT*" fw - OMA ' 

obS^ flSK Panties calculated item the data s £ 

+h- f nw „ ^^uaneiic nature of the marker system, were scored in 
samnlpe aM-T 1 J was CaJcuIated from the 2000 random sub, 

tSffSMSSTM I00 ' 15 °- 2C0 - 

mates were wJ oTTnf, 200 ^ Bootstra P standard deviation esti- 
SAS Institute Sa" (^ckknife and Bootstrap Analyses, 



SSd?,°5- 3 i aUel l S per locus ' ran ^ from 1.2 to 6 5 

c SR „ TO1 -!t ° J * JJ --™- Tins value increased to 6.8 with 
oer In'™ M aV6rage number °f effective alleles of 4 4 

OverS t£?£ ? 7 6r ex P ected heterozygosity values. 

B ABri , 1 6IS J and tte lo west for RFLPs f 3 ■)) 
S£2b to itp/f and t 4 - 4 1 -P^vely) wS cor^ 
SaavrftW^ ■ 3" n - P 81 *"^ for AFLPs the high 

ficatil rl r P?^^ bands in a multiplex ampli- 
ncation per single reaction. y 



Genetic similarity 



Results 



Levels of polymorphisms 

The 33 inbred lines were surveyed with the four differ- 
a? e t^ erSySt , em i' M °f^molecuIar markers were 
The letrf^ ^rpxmt each of the inbred lines! 

Se Sorttd^ t ki C ? ra P arin S aeir mformativeness 

SLed fr™ , TabIe 1113 t0td number of ^says 
ranged from only six primer combinations for AFLPs 

S n^S^f ^ e combinati o*s for RFLPs. The to- 
from^ fo ° f A P°^ or PWc bands identified ranged 

nCber ofTs^ 3 to 253 for KPU* An average 
number of 4.8 alleles per locus, with an average.effective 



^SE 0 £ tb «' emetic similarity estimates, cal- 

or we vanous heterotic groups is shown in Table 2 All 
marker systems indicated that lines of BSSS origin were 
more ^ T m comparison to inbred lines ff oThel 

was afeS *?* ^ ° f 1116 GS «*£S 
5Sta ttoMW BSSSxLSC crosses than 

SShten rJSfS, Md LSC 810,1133 themse ^es. This is 
of 2 « ^ e common P^ctice in maize breeding 

ioupfSSj d h eVd0pine h ^ brids bet ^ e * Xerotic 
fr °™ crosses within heterotic groups. The 

SSR% T>, ^ BSSS X miscellaneous types, U s^ 
acfo,? L i S eSt ™ ateS ° f GS follow ths same pattern 
Sv w? Sr u 7StemS ' ^ estimates of sim- 

wiS T^.^ BSSS ^P 63 and ^wer estimaSs 
SSSJ PS," L f Cx f i ^ a ^ous types. Overall SSRs 
5gSt WS similarity values and AFLPs the 

marker S ,^f C trees produced from each 

5h££ 7 m ar !. P resented ^ Fig. 1. In these trees 
mbreds were ordered as expected, though with 
exceptions, mto the major groups BSSS and lie 



Sr^r 1 ° f and comparison of infonnativeness obtained with KFXP RAPD SSR d ATri p v ■ 

— . ^ J KA-PDj SSR and AFLP maricers in 33 maize 



Parameters 



Marker system 



RFLP 



Number of assay units 
Number of polymorphic bands 
Number of loci 

Average number of alleles per locus 
bxpected heterozygosity 
Effective number of alleles per locus 
Assay efficiency index 

a TheoreticaJ maximum number of loci 



RAPD 



AFLP 



53 (probe/enzymes) 
253 
53 

4.S 

0.63 

3.2 

3.2 



25 (primers) 

90 

90 a 

2.0 

0.36 

1.6 

5.S 




6 (primer combination) 

232 

232 a 

2,0 

034 

1.6 
61.9 



~i£XlSX2zsr-^~*~*— , n - , . 



Within heterotic groups 



.KFLP 






Max, 




Mean 




Min, 




Max. 




Mean 


SSR 


MiXL 




Mas. 




Mean 


AFLP 


Man. 




Max. 




Mean 



BSSS 
0* = 78) 

Q.2S 
0.79 
0,48 

0.34 
0.90 
0.64 

0.13 
0.S4 
0.3S 

0.45 
0,89 ' 
0.62 



inbred lines of rSS a ^n WeIJ aS - m ae cluster** of 
BSSS-related £ i 5 Consi dering the 

with SOme evident s ^S ^L^? Ch tree , is 
and B73 is for *%, dusterm S ofBH B37 

side, dusteiS, ^ P ' My co °served. On tie LSC 

rnetnods Sfhe " S C °? siste ^ reported by aS 

of differen oriS %f w°?, aggregated 

by RAPDs and A RT P ^ n , tle Lancaster group only 
tered these^th lis s r wh ? e ;? SRs RFLPsclus^ 
considered aTancS ^ f 3 ^ 0 "^ <=>h43 is usually 
based tree, fLlS^^*,* 1 ^ £o the R APD- 
a tree with a^K!^ ° D AFLP data PWduc 
values between thfmS ^ ° f similarity 

pairs of tabids fc^Kf* * " ?° ^"^t 
were confirmed by AFLP ^ main clusters 




LSC 

« 78) 


MISC 
(» = 21) 


0.25 


0.23 


0.S6 


0.90 


0.40 


0.41 


0JS 


0.31 


o.so 


0.S9 


0.57 


0.53 


0,08 


0.08 


O.SS 


0.82 


0.31 


0.28 


0.43 


0.43 


0.92 


0,89 


0.59 


0.55 



Comparison between marker systems 

Parity ( GS ? SS^ST" ^ sim! 

RAPDs sh^thTwS?" 7 ^ cact CP < 0.01). 

£^an^ 



«&?£5rJ^'J^«»t. Correlation coeffi- 

r = 0.52 with^FLP SSR AT,?- 51 ' r = °' 57 ' and 
those obtained usi5 o1he^^ LP ' res P ecti ^) with 
than those aZ? S m -f ker systems wer e lower 
AFLPs « 

RFLP. 

which sirnuantSs wel-eT? , and , SSRJ " ^ ext «t to 
across the wSe daTfset Varied co ^erab]y 

(528) was divided iSS twT^'f of P a ™edata 
arithmetic mean of th e 1° ^P!, (according to the 
RFLP data: "mo^^mfJT^ GS , ra ^ based on 
"less similar" iSef w^GS £ T^f* > ° J7 and 
that the genetic swLw? 0,371 l£ became evide nt 
marker syftems weTmSlv by 
similar lin es , wnilTtheS 7 c ?* related only among 

clusterinTof X^J??^ 0x6 CXtent { ° wii <* the 
represent! qS^SJT^ 1 j? tt - e accurat 4 
inbreds obtaSed S ?Lf ge T 1C between 
co-pheneticSS, I ""^ System - ° vera « the 

highest correlation SSR fO KS ^ tmg in ^ 

value, and the'RAPDm 3 hoWU1 f 311 ^rmediate 
correlation ( °- 72) assa ? Producing the lowest 

^a^?thSsRS y d&rt ^ aI3 33 inbred 
of discrirnilti^ 6 betwS^ PtOVlded ^ M ^ iest Isv ^ 

general, the gr^mn/n^ ^ ? air ° f inbreds - 1° 

tion of tr»S^t^^^? ,e ^ lBft ^ 

^es, although some chscrepancies were 
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aTloo"l50 ZOO 250 3 6o 350 
Number of bands 

^^tJhff^^ 86 ? 0 * 5 similarities based °a 

Bootstrap analysis 

ite d S^TJg ,g vari an ? e of * enetic 

sets, bootstrap anlslf S Ttf^ data 
bands was nerfn™» J ^1. , a declining number of 

similarity amon* *S Y a * a * ce °' the S eiletic 

method is p™^^!, £™ s , £ whred ^ for ea ch 
above 150 bSdfth lg " 2 1118 results Seated that 
precision ga£ed SrSr a "tun in the 

number of bS™ ^ , addmonaI bands. As the 
standard d4?hl h eS bd ° W ^^sholds the 




other meth«b Ss Woh i f ^ gi f T m com P a ™on to 
expected because o?Sf ^ of P^^sm is to be 
for generatinfsSR P e ?™ responsible 

age OTauS e^al SsSt^T 8 ^ by Ration slipp- 
iave bee^ oln ta r ed^o I S S ° I °? 0Wn ^ wiien ss & 
sealed tlj to^?^' 7 ^ m ^ llaTO 
Tanskley 1993- m*! ^ f Po^orpHsm (Wn and 

1996). iL S^fSf^- 8 * aI \ 1 " 4; P ° WeU e£ aI - 
^ present data indicate that on average SSRs 
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when the ^S 1 ^ 
In agreement ^t w Pet lo ^ S is the tar S et - 

associated with AFLP, rf Polymorphism was 
measured asTataveffi,£ rS ! ly ' the Mo ™^on 
with the n^£™f%3TV? d ^ Whict correk ^ 
was more K^fS^g?^* 1 P er 
tie other methods TW °« . LPs com Pared to 
ment with nrewW I? findings are m good agree- 
several crofsS ^nnplasm analysis carried oSin 

It can b C e r c°o P n S Sed & t SO. 1 ?* P ™f « * ^ 
tie highest level of nWolf 5 16 Capable of ^vealing 
that AFLPs detect ^T^° n PCT singIe marker ^d 

index is a reflTctioT, nf^ «^ gh assa ? ^iency 
simuItaneouXanZe 3 i ° f AFL ? S *° 

than the leve fof nolv^nr ^ "l?^ ° f bands rat ^ 
The assay c&^StTsSS'S "u"**** 
considerably hieh J if ^iJ, ^ caD ' a °wever, be 
procedures are TH^? / eX PCR and Bd-maring 
are ^JZ^&^T ^^ellitef 

"sing mnl5S flSS S V^ hoiMed 
etaL 1996;Heyen et2 MMM^ 7 "^j**** (Lmdqvist 
of SSRs over A^LPs is nS , addl f on , al ^vantage 
Populations arerf^N ^ 7 reIevant when mapping 
mdiviJS wW t I ed fr0 , m outcr °ssing heterozygous 

* the proS b c r ° f n lrf Tl atlV t gen0t ^ icclasses • 
markers c °mpared to the binary AFLP 

adcfitio^e^fiiPP!- ^^re highly similar. In 
with the nformaHonoS?" * olecuJar m ^thods agree 
ilarly, PoweuTal 3 f JT pedigree data " S ™~ 

among RAPDs and SS. ™ d , the l0WGSt 
spect, ft ha,^!^^^. ^ this re- 
the use of random nrf^ - ^ APD anaI y sis > based on 
of reprodiSv f ' IS - Ael7 10 suffer from a lac * 
and Hany 9 94 f £1° t misma£ ^ a ^^ing (Neale 
analysis,?!! iSs "Jfti, « b . £ained from clust er 

ieterotic ^onn, r e ^ ed afflia tion to one of the 
^Tif^J^^ d £ ° ^ /heir specific main 
(^on^SS n i , ;g* I » a T ada We data for maize 
and Dudley 1994- 992; , Llvim et al. 1992; Mumm 

tion is f£ f ^ A second observa- 

di S tantlyS a S^ es ^n?^^ ^ oT more 

expectations S notmatcfa precisely with the 

amongmSL S.^ 011 - 136 ^ 55 ^ fences 
distant S hav? h qUSS m genetically more 

etal. I99S * oS?* l^- P r . evio ^ly reported (Powell 

access ons \o^L 2 d ? eS f ^' Ca and fr ° ffl P ea 
ies and tris wire eC ^ ar marker - based s »*t- 

A/T? (Thonnann et al. 1994" Lu et al 

pedigree data °£^f °- ^ bating 

k i»Mner et al. 1993), genome sampling 
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RFLP probes Si," 56 5 ^ 1° ^ from 15 
. Santos et al. 1934) to 100 RF?P ? Sp ' (dos 

nations (IVIessmer c- C ^ ne " eilzyine comb i- 

a RFLP data set in ™J£ f ^jaaphng variance of 
bands required w a PV f fno^ the number <* 
for closely 5 er ^ s a d SI T ° f 10 ^ Y? 5 3S8 > 150 > a ^ 38 

reliable estimates nf ^; t - - M nd . S are suffici ent for 
average nnmSS enetl " mJant y- Accordingly, the 

this st^ Stl S COUld haVB been Sd * 
were 30-40 clone en.™ & s ™™ m the estimate 
40- sn „w CJo f ne - en 2yme combinations for RFLPs 

these . M 5S^ 1 ! t 5? hlBatlQ0 " for AFLPs. Based S 
in compSs on to thfntf ee f ent ° f tte RAPD. results 

provide consistent J' ^ 0ther DNA markers 

Nation ™T P T^ f ^SoJ% 8 T Pl ^ id6Dti - 
SSR and ARP nmfir . T We have snown ^at 
candidates f^ 0 * 6 ? can be ^od 
ilariry estimate P ~> • LP marIcers m genetic si m - 
W corn?a r S, and Vanety descri P^ and that th?y 

selectedTy pSS e r^ aCy * ^^P** * bred ^ 
to apnl v an rT ^ are orally much simpler 

RFLPb^TH« biochemical methods or the 

vMe resnlt, ? fin f rp ? ntin S techniques; yet they pro! 

Piauo Naaonale Bzotecnologie Vegetal!. 
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vated barley acLfd. reI f onships among IS culti- 
pedigree daS?^ reSUltS ^P^ed to 
of the approaches w. uf * 638 Were bailable. All 
each of Cct^rS,' 0 UDi n Iy 
amount of nohm™ 1 0Ur assa y s differed in the 

ssr P £°£ SSfcSSf^?* exam ^ Si if 

alleles per Drimpr^t S7 hCl WIth " average of 5 7 
Mghest dive^itv ^ g S Were moilo morphic The 

analysis (P Co A) clearly siarated^T ^ T° xdhiats 
tte winter types Mb7lS?S ^5^* ty P es froff > 
two-row winter t^f f f - P ^ AFLP da ta with the 
Only a sr S ^f^ate group 

using SSR dat? wiftlf ***** C ^ Isd ^thl 
varieties more wmS.w two " r ° w ^ six-row winter 
between SJSSuft?^ ^ com P^oJ 
each of the assavT™? 7 ( } est ™ ates revealed by 
approaches sTe a rmaTr,T aSUre ? by 3 numb er of 

70% of the p P ;™ e \^ a C ° rrdat r ranfced 
and RFLPs in 7k comparisons between AFLPs 

results are discusser! in 1 three assavs - These 

ate te chi0 S SS f = d3 y™°fth ec hoiceofa P prop ri - 
evaluation 87 dlffereiIt as P ects °f germplasm 
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Communicated!^. Koomeef " ' 

J- R. Russell • j n F„n„ ,» 

R. Waugh (EI) ^ Macaulay • W. Powell 



As one of fhf* -fi-r^ 

barley CHbn^^^ft* *> be domesticated, 
important cropTtodff R^J" ^ ° f 1112 
age, barley is used fo?hum? S f ° Urth . 133 worId a <^- 
£op and as a rlw^t^SZh^^' * S a fodder 
(Brown 1992) ItSu^ ^ ^ msbesrand ^ky 
comprises over 3 ! S , ° i* f^.^^ which 
Ploid, perennial iTf ' ™ dudn W diploid and poly- 
throughoutX 3 worid^f 1 ^ Wb t° h ars s P I5ad 
tbree groups SvIrWnJn Can be dlVided 

mprovement- the S™ P ° rtanCe t0 cuIti ™ted barley 

genepool (Hh^hif *PP-F on *™«m\ the secondly 
other P ^Sl^"pS p d S^pool (3 

acoSS^^^""^ than 250,000 
out the world, and til d ° ^enebanks through- 

a need for proceduS S. erm P Ia ™ collection 

effective use Fs requS? The ^ r ^ more 
is one such mAwT i-^ Core Collection' concept 

accession (Brow^ iS^^f and representative 
beenapphedto wj^^.^f^y this ™a«pt has 

considered to represent ^ / mple , ° f acces sions 
«ty available £ P £?2L£! spectrum of genetic diver- 
1992). . e senus ' w as established (Hintum 

accessions held b f D USed t0 detaiI tbe 

markers and thek marS ^ e deve !°Pf e ^ of molecular 
crucial that thes? t?^ y - perceived advantages, it is 
genetic drrerSTm ^^V* *" 3PpIied t0 135535 

classification. However in ^rpnological-based 
of molecular assavs u?^ years ' ae ni ™ber 



requirements. The approaches include restriction fras 

an^af? ^ S WSaIth of maiker technology, it fa 

molLX ^ by each and whether-the observed 
molecular diversity reflects either co-ancestry or 

rdation f rL^ 0 ™ n" 1011 - 1116 r65ultS *« ^cussed^ 
me teatures of the individual assays. 
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Marker analysis 
RAPD 

Om ftSK^ W6re ******* " tombed by Bama et a! 

Sr^ied. The nrS \ WCh ultra ™fet light and photo- 

art. of a sprin^^'' J^^ ere P. 01 ^ 0 ^ be ^e en the par- 
tes study ' Pmg CroM ( B^ena' and E224/3), were used in 



RFLP 

detected usW4S -SSS 30(1 "^tion fragments were 

mapping e^St ^^o^ 01163 ^ prE ™ us 

polymorphism (Gra^r e tTl9 9 n f£^ n £ Vmse Md leve]s of 
presence or absence of bands )- P SmS WWS scored 33 



Materials and methods ~ ~~ 

Plant material and DNA isolation 



genomic Kta? ^Td^^ 5 ^ a * 
a recent puK hv ^^S^ SSRs m descrihed ™ 
derived SS^ttdS^?^ /V 99 ^ ne 7 Hbra ^ 

assays were pS^^ffil^ 1 ^ et 81 (in P* Wion)L Ssi 
lengths wer/de™r7 e ?bv " ^ M u or * ante et & WW- Allele 

an M13 VNA%£^Z^^* ^ m ° St W 



Table 1 Pedigree information 

and country of origin of IS barley Cultivar 
accessions used in molecular 
analysis 



Pedigre: 



Spring type, two-rowed: 



Aramir 
Beka 

Golden Promise 
Grit 

Hora 

Krona 

Triumph 

Union 
Volga 



Voila x Emir 
Bethge Xm x Kniefel 

BESS? °™ * "«*W> x «Al S a x Abyssmifm) 



Winter type, two-rowed: 

Marinka Sf"? 1 * S^berg 1427) x Ingrfd 

Ro^mze ^ a xS VP 674) x Malta ^ 

ST" Esr 4622/73 * * 

Winter type, six-rowed: 
Borwinia 
Express 
Franka 
Gaulois 
Rondo 



Vogelsanger Gold x St. 7246 
Roburx Athene 

SSfc&S* 1 * Senta) X <*« ^ D-) >< Vo.*^ Goid 
Tanaroo x Sisfor L, 90 



Origin 3 



s NL, The Netherlands: F, France- OR rv~ * n • . " ' " 

, France, GB, Great Britain; D, Germany; I Xtaly 



NL 
F 

GB 
D 

D 
D 
D 

F 

D 
NL 
D 
D 

D 
D 
D 
F 
I 
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A.FLP 

fiS SX^T" eSS f° tia]I y ^ descnbed'by Vos et a] flQQ« 

mat us^Tto^ 0?^™ ° a F«»PB^i ftS 

£coRI primer wl, ™% , u pnmer combinations. Only the 

separated by denaturing/ r ?i , p ^ catlon Products were 

prince or ab Seace of E ? ^ ^ SC ° red for the 

requc/from ffiS,,™ ^ Sc <™ « available on 

Data analysis 



. l^of aKST ^, 8 "* Md 66 '3%. re- 

^re was Sdf v5f? OT1 S beiDg P^rnorp'hic. 
Serotypes Sed bv the 1 f Verage numfc ^ of 

With KFlft, fcj d e ach lf oh T kSI SySt6m 
an average of 7 37 „ probe / enz y me combination, 

tinguished. wk AFLP?^ 1 ^ daSS8S COuId be dis " 
as nearly all ^ s fi S ure increased to 172 

criminal ZlZ ^l^ 0118 ^ abIe to 
fether reflected in the H ^ S10 ^ S USed ^ * 
Overall the SS^d^fS^ 7 mdeX measures - 
AFLPs (0.937) and ^ ? ^ ° bserved for 
RAPDs and SSR^l ? l0West for RFLPs (0-322). 
respectively) * ^ ^ te ™ediate (0.521 and 0.566 



Diversi^ values were calculated for each locus as fl -2 PP ^ 

^SAS^XfiSSg' ^ OfffiS? G ^-tic Parity 

culated using the CTNSTA T v ^ & - J^ Mries GS 5 wa» eal- 

expressed using the Bronn L^ f sumIant y- Similarities were 
°f QENSTATta f^^rativeclusteringfunction 
McNicoJ 1990). SaticSTw C °-° rdfflate Pl°* (Kempton and 
[Procrustes rotat^SSffm.^S! * Hsin = 
data] Spearman rank aSnK &e pnmapal co-ordinate 
GS values. '-orrejation (SRQ and linear regression of the 



Rssults 
Fingerprinting 

barley ^et^s^?^^l th % 1S c ^vated 
varied for earh ™ £ °™ber of assay units 

nations for RFLpVriS ™ ? P^/enzyme combi- 
bands scored ran JJ £ ^nrnlarly, &e number of 
KFLP* TT,- S from 70 for SS Rs to 299 for 
^ id B Sr f P^orphic bands for each 

For exampk o X 7 n £° ^ ^ nUmber ° f bmds - 
which muthl 1 70 bands were scored for SSRs 

^iTSS^sJs 70 were poIym - 



Ja^ 2 ^ nal ysis of the RFLP- 

SSR 3 . and 
AFLP-generated bandin<r 
patterns ° 



S^g S^ter^L^ 001 bS **** *«o 
wed for foJSr IS? ^ barIe y s *** mainly 

used for maltmf™ The . s P Im S barleys are mainly 

similarity estrmf te^LT^^' and me J 

two-row a^d si '0 J? ^ ^ S Spring barie y s and 

^temL^wn'SLT^ ^ f ° r «* —J 
097 wirWn ■ • 7112 S1 nnlanties ranged from 

biting equlvSen?^r S ?" r °^ 

Parity valS.^Si^'S^f 0 ^ Sim - 
(0.97-0.81). ^ and AFL ? S 4116 biggest 

Fofex^SrSS? * h T ^««» ancestor, 
pedigre^S ?il ail< l Tn " m P h have Union » tbeir 
wonfd SeXf b7?d*k Tli T* h - ° UI ex P^^tion 
closely rektei T,k ^ ^ 4 accessi °ns should be 
7 ela£ei Tab]e 4 ^ow S the genetic similarity 



Marksr 



Number of 
assay units 



Total 
no of 
bands 



Number of 
polymorphic 
bands (%) 



RAPDs 

SSRs 

AFLPs 



114 (42 probes, 
3 enzymes) 
22 (primers) 
13 (primer pairs) 
6 (primer 
combinations) 



299 

107 
70 
297 



Number of Number of 
bands pheno types 

per assay per assay 
' «nit unit 



249 (33.2%) 2.62 

71(66.3%) 4 ,S6 
70 (100%) 5. 3g 

139 (46.S%) 49,5 



237 

3.41 
5.3B 
17.2 



Diversity 
index 



0.322 



0.521 
0.565 
0.937 



AFLPs 0.97 SSE? o Q7^ ?° Ph ? d Grft (RFLPs °- 93 > 
tion in Tab k 1 Tri™ I Fl TJ^ e P edi ^ ee ^°nna- 
616 lj T ™Ph and Grit share a number of 



than t£ ^frttll^^^ Yalues were 
panson Triumph and Grit co m - 

vaSef wire S?,^ f ° r t ^w winter 
six-row Jnier^^f Iat ^ e ^ een 46 s P rin 8 a »d 

s^^f^' *«* ™- similarity estimatES caIcuIa£ed 

— RFXP ' ^ APD ' SSRs AKLP data for wiater and 

RFLPs ~ ~ 



RAPDs 



AFLPs 



Spring 93q 

Two-row §9 q 
winter 

Six-row S5 t Q 
winter 



Parentage 




^ Mea * Mas MS m^" 



0.330 0.020 0133 
0.290 0.100 0.212 

0.350 0.000 0.111 
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Table 4 Genetic similarity values 
tor the comparisons of 4 sprin 
accessions with each of the 
molecular assays 



- . Grit 






Grit 


inn a 


Kxona 


as.o 


Triumph 


90.0 


Union 


88,0 






Grit 




Krona 


S5.0 


Triumph 


93.0 


Union 


S7.0 


ArLPs: 






100.0 


Krona . 


91.0 


Triumph 


97.0 


Union 


93.0 


SSRs: 




Grit 


100.0 


Krona 


S4.0 


Triumph 


97.0 


Union 


69.0 



- Triumph Union - 



Maximum Minimum Mean 



100.0 
85.0 
83.0 



100,0 
SS.O 
87.0 



100.0 
92.0 
94.0 



100.0 
S7.0 
70.0 



100.0 
S4.0 



100.0 
86.0 



1O0.0 
94.0 



100.0 
94.0 



100.0 



100.0 



100.0 



100,0 



95.0 



93.0 



97.0 



S4.0 



76.0 



SS.0 



§7.9 



84.3 



92.4 



97.0 



66.0 



82.9 



Genetic relatedness 

^SSd°S 18 , accessi0 ^ were revealed by 

pnnapai co-ordinate analysis (PCoA) (Fie 2) The 

winter tyTS tiS SP1 ? S a S ce ? aons - Among the 

formed tw °- r °wed and six-rowed varieties 

^ grou P 3 ' ™ th & e two-rowedtypes 

SxpSs^^?-^ ^ PCoAs oy 
and APLP (297 bands) data, a rim? 
«T M f an ;Sement was observed. From the RAPn rf B t» 

Sn e n SS ct ^ were a ^ 2^ShS 

SIS 5 wer f mo ^ dispersed. Only a small group 

s^^^t^^r^ asainmore 

a remote position T? a £^s R ° nd ° appears in 

was posrtioned b^ ^° n ' V ° lga ' a spdn S varie ^ 

two-rC d Ser ^. ieSt ° f ^ SPn ' ng 311(1 ^ 



pairs of S C ° rrelatl0Ils were lower. Over 70% of the 

were intermediate with nv^r *na/ *-u 



Discussion 



Comparison between assays 
ques, we tested correlations using Procrustes rotation 



isTw^j Sf 1 ^ 68 Citable. However, there 
wWchSw ^comparisons in order to decide on 
W In tS^sS 5 SU ?l d to the issues being e Xam ! 

SS^r£ m ° II ? i5m detected 1115 levels of pofy- 
Ri« ^«_Tt J- Smu]ar results were observed when 
w /0 RAPDs compared to 100% with 



RAPDs 




" a ° 8 151-^, 0 0.04' Ois 

isi pnnapaj component 



0.20 
D.1S 

t 

s 

"S 0.05 
# 

f 0 
-0.05 



Combined dsta 




•0.4 -QJJ 



? 5 33? 



0.10 



-0.10-1 



1-si principal component 



RFLPs 



ist pimapal compcnent 



0.10 



ist principal component 



□.2 



•m -0.05 

# 
f 

■S" -0.10 
-0.15 

-oaa 



^■ 1Q -?' Q5 TT. -°f s <mo o.iT^olo 

1 st pnnapaj compcnant 



SSR 
AFLP S 
RAPD 
RFLP 



1.000 
0.515 
0.235 
0.505 

SSR 



1.000 
0.109 
0.708 



1.000 
0.201 



AFLP RAPD 



1.000 
RFLP 



•Rondo omitted fro m dataset for ^ comparisoflS 

trr ^ have been com P a -d to 

level* nf r ' Sy have aIwa y s revealed the highest 
S£a2 rt Wf»*^ et aL 1994 

Wu and TanSfv?9?3^ 9 ? M , or f *te et al. 1994; 
detected oaffl^i^i? 6 ^ ° f ^T^^Pbkm 
than that 0 E£ fl ™ * 1S stud y™ Hgher (S3^%) 

* * ^4, This is pXblfdue^^^Tf 



moSS ^, HFLP ? r ° bes - 1116 ^yd of poly- 

Slli^,™ 31 AFLPs. Becker £ 2 
vealed by AFLp7 *f levds ° f Polymorphic re- 

ever!ala 0 iSiTV° Wer 5™ by Ho ^ 
polymorohi,™ «T d( L n0t 0ffcr the hi S hes t level of 

^^SSSS are ^ e most efficient because 

a single kne ffi ? V6al maDy P ol 3™orphic bands in 
per PGR ?or ^FT p T™ ber ° f bands P er kne or 
per ^^,1- «^«»^ to 1.0 band 

diversityindic-saft^f f P? 3 ' When OYera U 
AFLP waT , f-^ 6 f ° Ur tecluii q^es were compared 

measure of mark^ffi • Marker ^dex as an overall 
that, G^S AFT S ^ demonstrated 
compared t?^ a L v 3 Ia ^ * e b ^ est Marker Index 
Marker Ind^T^ - Ie marker s y ste ms. The high 

effidenc, of ^flkT? 7 * * reflection of ^ 
number of h^A ll smul taneously analyse a large 

a a clear separation between the spring and winter 
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RFLpfVS -i ^^ar results were observed usin* 
ctoger'e^aWlQ^^ ^thermore, Me]! 

aMent for i!! ^ } noted that sub-groups were also 

With the e x 2pSon 0 f Sl^tf ^7 types " 

tvne* fn^rv, „ i_ • ^ K data > toe two-row winter 

the SSR dS leZ W^' AFLPS and 
aurinff »r,rf • . a Clear separation between the 
pT?. TOta types, "but not within the winter 

o?b?n d ^Str XpeCted co - id ^ the low SvJ 
the esW« WSe ? accessions ; even within groups 

mS^LRAS^ ha ^ e campai : ed the use ° f 

(HaUden et al fi<S ^ gC ? etlC reIate dness 

Furnier 1993 Hn= ? ' J" 10 ™* 3 ™ et ^ 199 *> Uu and 
sh?w Sat Am** T»£ £ ^ and most of *«« 

cenUy Sher re^rr^ ^ ^ ° f "^ons. Re- 
and „ I P tS have c °mpared RAPDs or RFLPs 

MauS'eTS W 9 Ii a t Sl % 19 ? 3 i SaIimath et * WM; 
acS o a n ^ P™*age of band faring Sat" 
ted tha^Lr u R 7 c °mpared to RAPDs and sugges- 

SSS fof glrS^ S S WOuId make RAPDs £ 
this studv ™ g m relat edness studies. The results in 

studieT^n k U , Smted for P^^e relationship 
used! ' Ugh ° nly a SmaJ1 number °f SSRs were 

*^S& ! £^ t ^^.^ the ^netic 
eration for . JS« ■ ™ S enot ypes is an important consid- 
Smnli™ aent ratlon ahsation and utilisation of 

ft is importani ^ 

fluencinsthe r?of r P breeding programmes, m . 
opmenT ofn^ S °f & not yP™ to cross for the devel- 

the result ifc 1 ^ f leCted S^otyp es with 
breeding L , • number of genotypes within the 

simila n'hf «"> ' -P owled S e and measures of genetic 

oSS? £ th™ nS - C d- M helP - t0 maintai11 *Sfc 
bised S iediW.?- 1' mdlIeCt estima£ es of similarity 
in ™™ P mformation-Iiave been widely used 

aonTSSi^ff^S f*l°* shi V* between acces- 
aenptiv c,Lm • f 0 determine direct measures of 
^fiS^S?? 1 ^ duals ' The estimates 
barW re P° rte f °S values of 0.79 for unrelated 
poSfn thl nan? ° n RFLPS " 7116 RFLP 

Amew™ J i i! °f served °S values in a set of 27 North 
Amerxcan barley cultiv ars usmg rapds which were 



than ta^Taf^p^^S^ are much lower 

Kortekaas 2 ^ ^f^lon^T Rus ' 
band shaWno- k1* j reported that the percentage of 
S 50 s?/ betW£Sn tomato cult ^ars using SSRs°wa s 

^chfeet 7 ;! fl^ot^ 82 - 7 T° f ° r RAPS 
mates of genetic sSL ^f^^ 6Ven l0Wer f 0 " 31 ) 
exarnine wSfacce^ y ^ em P lovm E SSRs to 
values arH ~fl 1- ^ S 30(1 jested that these low 
provide^ lfff° n ° f 016 ^ information contend 

can^STto"? Sh °^ ^ at m ° IeCular caches 
pioloricSv rif*- ^ P barIey Cultivars mt0 mor- 

molecular-based IsStSsofr^' C ° nCOrdanCS ° f 
Graner et al n ooS GS and c °- a ncestry. 

of GS withl ( inc^° mpared ^P^^ed estimates 

and r n do ^ ■ ^cporcea, r s = 0J21 for winter 

for these poS cSL?^ 0 ^ ?_ erfaaps the re ^on 
srnnr,^ ■? ■ correIat ions may be the high back 

to investi^ a . J , - n reIated cult ivars were used 
estirSSsofSs^f 0 ^ betWeen RA PD- b ased 
of r Jo 61 1? 5. " ailc f try a moderate correlation 

(Tiier et al 1993 f pT e l be£Wee f both measures 
and SSr 1 * 81 ? sm S ss R-based GS estimates 

sions stuSed f ^-ancestry measures for the acces- 
fiW tl. i SeVeraI inclusions can be drawn 
Ss m aid%r c teSd e b rf n m ° leCUlar estima{ S " f 

c-rtm? «P ^ information may not be as useful for 
tht S ° n f f ? F ^ Cl1 ^ have been 2ed S 

formanSn. ^ fa 13 ayaiIabIe from pedigree in- 

of gT^iIo^ 6 ? th ^ moIe c U lar-based estimates 
d-rfrinn ^ W pIant Seders to make informed 
mS ^k ^ §ardmg 015 choice °f S^otypes toSSTwe 
Se^i q , UeStl J ° n as to which assay is moSlpml 
Ss l s T, a - StUdieS haVS beeD described whiK- 
(doTs^ntoTet a T X S and ^-APDs 

etal 19?! H a L P°™aan et al. 1994; Heun 

that th. ' - n et d - 1994 )- Hemi et al. (1994 found 

S ng^StJS?^ RAPDS - d -™ 
S Auena st OT / IS accessions were moderately low 



Sc~reia2'/ ° Ugl1 ^ ° Vera11 ^Presentation of een . 
tt al flt^Zl Wa V n ^^able agreement. £ 
n ^ SS ^ g£metic Nation among ^ e „a 
SSft^S morphological markers, isoz^es and 

(r = 0271 ? J° Un< L a Similarl y correlation 
Siono fiL VCI7 d ? ffereDt situation was observed 

the Sffi > fn d S^D ' f ld ° hssrve between 
rank conSo^s^^ 
over 70°/n nf • - rs aBa "LPs ranked 

oSr.m,t? wellT^ COmparis ?* S * the same 
based on « i SS^ J 5CCaUSC J ,0th tech °iq^s are 
that Pci i TScd f ^tT Sj th t maj '° r difference * 
analysis £s FT p t rather thai1 Southern 

thP wl^ R f LPs - In c °ntrast SSRs and RAPDs have 
tie lowest values when compared to the oSS? 

a^eSoTofth i0n l° bSerV , ed Witi *AH*£S5 
t™-™ , , ffi construction of a linkasre mar, 

ma* of 5? haVe reSulted in WascdeS? 

wder of ffl ^ tum has affected a* rankin* 

wa7 between ^ FOT eSampIe > ths lowe ^ GS 
GS-nSfV™ 3 Spnng t^ 3 C Vo Iga and Beka- 
ofter"i 8 a t w? e TJ he l0West es ^ates for £ 
RnnL y WSre betwe en two winter types (even when 

assS: may ITS 1 ^? 11 betWeen S | Rs the other 

the most nnl^ u • SSR anaI y si s appeared to be 

assess^" S'c ^fe? ^ P^ 1 ^^ valuable for 
probe anf . reI ationship Sj but required several 
&t£L?? ■ a ? yms coi nbinations to discriminate 

ideal**, ^ a according to Vos et al. (1995) the 
auencf f ^f 1 ? 116 assa y sh0 «Id require no prior «? 
meet t>, ° Wled - Se - WMe 0lJ y AFLPs andaSS 
SSaSn e a t eqUIr , ementS ' the lack of ^rnparar^e £ 
Sudes a n a ^ loCUS (due t0 dominance) 

SoSps 6 assessmeilt °f true genetic rela- 
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